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PREFER ACC OTV & SCAVENGING TO PROP LOGISTICS VEHICLE 
TRANSITION TO MAN RATING AT SPACE BASE IOC 



GROUND BASED CRYOGENIC OTV - ACC 
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This figure summarizes the key results of the first extension to the OTV Phase A contract, 
development of the space base for OTV primarily due to the benefits of hitchiked propellant 




OTV EXTENSION #1 RESULTS 
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DESIGN FOR OTV AEROASSIST 
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This figure shows how the OTV program could grow in phases from fairly modest beginnings as an expendable 
vehicle through reusability ultimately to Lunar capability. The phases, taken in steps, give a growth-oriented 
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CORE MODEL - REUSABLE, AEROBRAKED VEHICLE (IOC ENGINE OR RL10-IIB) 

REQUIRED IN 1998 FOR MULTIPLE PAYLOAD DELIVERY 

EARTH INITIATIVE - IOC ENGINE REQUIRED IN 1996 FOR 25K GEO LOW THRUST MISSION 

- LARGE SPACE BASED VEHICLE REQUIRED FOR GEO SERVICING 
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DEVELOPMENT PROGRAMS 
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GROWTH PATH DEVELOPMENT PROGRAMS - GROUPED 

r- AFFECTED SUBSYSTEMS AND IMPACTS 
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The concept on the facing page illustrates a version of OTV that is possible to develop in the 
term with relatively low risk. For example, the concept incorporates the RLlOA-3 which is an 
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This figure highlights a series of issues resulting from the emergence of a low cost heavy-lift booster. The 
reduction in cost and risk will shift many payloads from Shuttle to the LCV, with Shuttle performing only those 
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LARGE CARGO VEHICLE ISSUES 
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CENTAUR “ STS SAFETY APPLICATION AREAS 

This figure shows a listing of the roost iroportant STS/Centaur safety problem areas. This list was derived from 
NASA and General Dynamics data on fix-before-fly problems, safety reviews, Lewis/MMC's independent Centaur FMEi 
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This figure summarizes the STS lift capability for an ACC OTV which performs its own orbital insertion starting 
at STS MECO. Because the OTV's engines are cryogenic they have an appreciably higher ISP than that of the 
Shuttle and so save boost mass over a standard Shuttle insertion. This translates to STS QMS propellant saving: 
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DELIVERY OF LARGE STRUCTURES, LOW DENSITY P/L*S, CRYO FLUIDS 
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ENGINE CONFIGURATION TRADE DATA 



BURN RELIABILITY = 0.996 
NON-INDEPENDANT FAILURE RATE = 3% 

4 BURNS-OTV RETURN, 3 BURNS-S/C DELIVERY 
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MAIN PROPULSION OPTIMIZATION 




0) 




4J 







O 4-> 



M 




3 3 




CO 



3 O 




(U 



<d 

, 


<D 

3 


0> 

O <U 

T3 


M 

•H 

O 


3 

<D 

iM 

O 

O' 

M 

<d 

4J *H 

M 

(d 

CM 'O 

3 


M 

3 O' 

0) 

♦H 

0} 3 

0) 

x: 

JO 

S 

T3 

4-> 

M <d 


O' 

o 


•H 

•H 

0) 

O' 

3 

u 

i ^ 

CO 

3 

x: x: 

3 

O 

0 

0 ) x: 

3 

•H 

Eh M 

0 

3 

(d 

4J 4J 

o 


O' 

•H 

0) 


CO -H 

o 

M 

3 



V. 

>1 ^ 


O 

. 0) 

•k 

O' 

0) 

CO 

0) 

IM 

0> rH 

d) 

3 

CO 

3 



o ^ 

O 

0 

(d 

3 0 



0) 

3 

•H 

<0 

O -H 

o 

a -H CO 

cd 


M 

•H 4-> 

M 

(U 

04 M 

M 

0) 

o 

CO (d 


o 

0) 

CO 


3 

rH U 

0) 

X 

0) > 

3 

O 

-H 

3 3 

> 

0) 

3 *H 

-H 

•H 


CL O' 

<d 


o u 


x: 

T3 

O *H 

x: 

(U 

T> 

M 

0) 

c 

M CM 


a 

3 

O 

> 

(d 

CL 3 


(0 (0 


1 


oj O 
O' TJ 


0) >• 'W 

M M O 


> 

O 


I 

T3 

0) 

CO 


m o> -u o 

M x: ^ 

^ a CT' S 

*H 3 
o 0 ) 6 


D 
M 
4J 4J 
CO CO 


» -H 
4J 

a 

o 


rH 4J C 
<Q x: m 
C O' 


^ T3 

(U 

<u M 

x: <u 


0 ) CO o 

O <U *H 
<0 C 4J 
^ -H ^ 

CO O' 2 _ ^ 
C T3 T3 
rtj 0) ffj 

CO CO 

<u c 

T3 O 
-H O 

O CO 
M O' 

a c 


O' 4J x: 

C M 4J 
•H O -H 

M x: ^ 

D CO 
O' T3 
-H M 0) 
M4 0> 4-> 
> (TS 
O 


c 

o 

o 


>1 x: 


o 

a o <0 0) 


C CO CO 3 CO 

•H M CO CO 0) 

<0 3 


T3 T3 

0> 0) CO 

M > 0) 

0) O 
TJ M 

^ <0 
fO M 


o x: 


« i* 

C -H 

O , , 

o 0 ) a r! 

o (0 u 
Xi x; .0) 


c 3 
0) O' 0) 
M 

-i o 
C CM 
O 0) 
O M 

<u 

0) x: 

C 


O >1 CM 

4J »H 3 

rH CO 
CO <0 

g o ^ 

a> -H ^ 

4J a -H 

•H >1 ? 

4J 

>1 CO 

(U — ^ (1) O' -H 4-> 

^ CO C C X3 2 

O -H -H (0 'O 
0) -H O' CO a 

j3 M C c 

4J (Q 0> (d 


O' 

c 

0) 

0) 


T3 
0) 
• c 
> *d 


(U 


CO 

M 

(0 


CO 

3 O 
0) <0 4J 

a <d 
X ’O 


M 

3 


O' 0) o 
•H S 

CM x: 6 
O' o 

0) H 

x: x: - 

E-i ^ (d 


O (D 
0) 

O' ^ 4J X) 
C O 3 

o CO o CO 

»-4 <— I (d 

rf: <u x: 

3 

•H >1 
• O' 

M 3 -H 

0) 0> rH 

4J *H 

0 ) M xa 

^ 0) (d 


O fd CM 
U -H CH 

^3 o 


a 

<d 

o 


CN 




OTV PERFORMANCE VS . #ENGINES 

The figure shows- the results of considering vehicle performance differences for various numbers of engines. 

Delta propellant load as a function of number of engines is given for delivery of 16000 Ibm to GEO. The vehicle 
concept is reusable and aeroassisted. 
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SPACE BASED REUSABLE OTV COST COMPARISONS 



NOT MAN-RATABLE 
















0) 

M 

O 

d) <H 

x: c -H 
Eh O 
•H 4-1 
(0 

• CO (D 
CO -H C 
0) S -H 
C O' 


O' 

, 

<D 

o»P 

(U 

>1 

o 

44 

c 

0) 


CO 

O 

r-l 


O 

0> 

c 

G 


O 

c 



•H 

(Q 

T3 

3 

o 

CO 

•H 


O' 


C 

CO 


0) 

$ 

0 

c 

4J 

a 


4J 

c 

> 



03 

o 

C 

G 

*H 

d) 

M 

x: 

M 

o 

<D 

O' «H 

0) 

0> 

4J 

03 

•H 

CO 

C 


o 



CO 

0) 

d) 

$ 

g 

(0 


(!) 

CO 

M 


c 

3 

a 

6 

M 

•H 

a 

O 


c 

CO 


0) 

8 

<D 

» 

CO 



4J 

x: 


M 

4J 

d) 

CO 

T3 



4J 



9 

<u 

0) 


CO 

CO 

c 

x: 

0 

o 

x: 


0) 

0) 

03 

44 

-H 

c 

4J 

O 

X3 

M 

x: 


U 

03 


CO 

O' 

9 

4-) 

O' 

m 

> 

4-1 



O' 


c 

> 

T3 

o 

QO 


•H 

d> 

•H 


<0 




4-4 

M 

s 



c 


(1) 


o 

9 

4J 

G 

0 

(!) 

x: 

>» 

8 

CO 

‘H 

<0 

•H 

4J 

4J 

4J 


(0 



4J 

03 


•H 


03 


M 

O 

M 

<v 

fH 

d) 


CO 

0 

03 


'O 

•H 

M 

d) 


4-4 

M 

<V 

•H 

X) 

O 



4>4 

U 

> 

03 

4-1 

M 

4J 

C 


S3 

o 

•H 

d) 

03 

CO 

u 


*— 4 

M 

fH 

M 


>1 

a 

0) 

•H 

o* 

0) 

d> 

'O 


to 4H 
C M U 
O 0> 4-) 

-H a 0) C 
CO U <Q 
r-< >1 S3 -O 


M x: M 
>1 <5 


M *H 4-1 ^ 

a xj *0 
(Q 4J C 
M -H C -H 

o »H m I 

4-< 0) T3 C 
M C O 
T3 0> C 
<D vx> a 
4J <Tt <V >1 
S3 0\ T3 M 

a • c 4J 

6 -H CO 

o *o 1 o 

O C C *0 

(0 o c 

C C -H 

0 ) c 

CO 4J 4J 

0 CO a 

> -H 4-1 0) 

«C3 g O O 

JC o 

M C <0 
CO 0) o 
0) a -H c 

•H 4J 
4J w O 


•H > T3 rH 
5 O 0) -H 
4J ;Q 
CO (0 (tS (0 
0) 0) -H 

C 4J O H 
•H <d O 0) 
O' M CO M 
C CO ^ 

0) o> m g 
M S 

O 3 <D 4J 



pH 

u 

9 

• 


rH 

x: 

CO 


•H 

9 

44 



*H 

44 

>1 

CO 

Xi 

X) 


d) 


03 


CO 


03 


03 

x: 

44 

44 

4J 


r/s 


X 


a 

03 


0 

34 


0 

•H 

O 

o 

x: 

44 

G 

d) 


M 

CO 

CO 

34 

44 

G 



2 

a 


fH 

4J 


03 

'2 

O 

o 


T3 

03 

CO 



c 

pH 


CO 



03 

0 

C 

03 



CO 

g 

(0 

4J 

jG 

d) 


X 

CO 

d) 

3 

♦H 

03 

CO 

a 

CO 

44 

t-4 

o 

CO 


O 


d) 

d) 

•H 

D 

o 

CO 

>1 


CO 

T) 

H 


P4 

9 

03 

4J 

c 

44 

c 

44 


O 

CO 


•H 

♦H 

pH 

H 

*H 

T3 

CH 


CO 

pH 


9 

1 

H 

d) 

04 

c 

•H 

*H 

CO 

CO 

C 

H 

N 


0 

CO 

X) 

44 

d) 

0 

X) 

•H 


•H 

> 

03 

H 

M 

c 

03 

iH 

ss 

CO 

1-4 

♦H 

9 



H 

03 

H 

CO 

03 

•H 

CO 

d) 

34 

pH 

C 


•H 

C 

d) 

d) 

x: 

o 

d> 

d) 

s 

z: 

03 

34 

34 

Eh 

44 

34 

a 


158 


MAIN PROPULSION SYSTEM RELIABILITY 



MAf9IETrA> 






ENGINE CONFIGURATION RECOMMENDATIONS 
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LARGE OTV PERFORMANCE 




The table lists the driver missions for the core mission model. The required propellant quantities are shown 
for ground based expendable and reusable OTV concepts - both intended to be launched via the STS. As noted, 
the expendable vehicle propellant quantities are with respect to use of a RLlOA-3 (existing, 440 sec) engine and 
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GOALS FOR OTV EVOLUTION 

During the OTV program maximum vehicle performance and mission flexibility will be required for all phases of 
the program evolution. At the same time, ln^>acts to program schedule and cost will need to be minimized in 
order to enable a cost effective program. These items are listed on the facing chart and have been considered 
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CURVATURE OF TRAJECTORY INVERTED BY 
VERTICAL EXAGGERATION OF DIAGRAM 
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CONCLUSION: 10.3 N.M. CONTROL CORRIDOR REQUIRED TO COVER ERRORS WITH 33% MARGIN 
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MARS AERO-LANDING ERROR ANALYSIS 
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EARTH CAPTURE PARAMETRICS 



Af <q r//V TT/I 






This figure summarizes the aerdassist data fbr the Mars vehicle by mission phase (Mars capture, Mars landing, 
Earth capture) . The Mars capture brake is also used as the Earth capture brake to save weight by avoiding 
duplication. This brake is used at an L/D of 0.20 for Mars capture and an L/D of 0.15 for Earth capture. Th 
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AERO CONFIGURATION DATA 
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REMAINING ISSUES 
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HIGH SPEED ENTRY AEROASSIST 


PRECEDING PAGE BLANK NOT FILMED 



REDUCTION & ANALYSIS IS UNDERWAY 
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LUNAR RETURN CONTROL & LOADS 








These curves show heating data for the Lunar return case. Peak stagnation heating determines which materials 
are thermally suitable for brake construction while integrated heating sets the required TPS thickness. In the 
comino months, analysis will atten«)t to derive meaningful design points for some of the baseline entries. 
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